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raphy (MRA)Abstract Background: Coronary artery disease (CAD) is the single most common cause of death
in the developed world, responsible for about 1 in every 5 deaths. The morbidity, mortality, and
socioeconomic importance of this disease make timely accurate diagnosis and cost-effective man-
agement of CAD of the utmost importance (Cassar et al., 2009; Russo et al., 2010; Dedic et al.,
2011).
Objectives: The aim of this study was to estimate the frequency and pretest probability of CAD in
patients presenting with recent onset chest pain by multi-detector CT coronary angiography as a
non-invasive imaging tool.
Methods: This study included 40 patients, presenting with recent onset chest pain showing initial
negative ECG and troponins enzyme, and they were scheduled for elective multislice CT coronary
angiography between March 2013 and September 2013 in Cairo Radiology Center (Cairo Scan).oo.com
oo.com
112 O.M. Sultan et al.Results: Among 40 patients there were 31(77.5%) had CAD (37.5% signiﬁcant and 40% non-
signiﬁcant CAD). 29(72.5%) were hypertensive, 27(67.5%) were diabetic, 23(57.5%) were dyslipi-
demic, 13(32.5%) were smokers, and 10(25%) were with positive family history of IHD. Signiﬁcant
CAD seen in 60% of hypertensive, 70% of diabetic, 20% of those with positive family history, 17%
in those with low pretest probability group, 37% in intermediate probability group, and 57% in
high probability group. Hypertensive patients showed similar CACS compared to normotensive
(275.73 vs. 237, P value > 0.05), and diabetic patients showed higher CACS compared to non-
diabetic (328 vs. 179.9, P value < 0.05). Diabetic patients showed higher incidence of multi-
vessel affection than non-diabetic (85.7% vs. 75%, P value < 0.05). Patients P60 years old had
higher CACS than those <60 years (mean 444.4 vs. 66.2, P value < 0.05). Male patients <60 years
also had higher CACS compared to females of the same age group (mean 105.47 in male vs. 26.9 in
female, P value < 0.05), while no such signiﬁcance was seen between males and females >60 years.
Conclusion: CAD was seen in 77.5% in those with recent onset chest pain. Higher incidence of sig-
niﬁcant CAD was seen in hypertensive and diabetic patients. Family history is still not a reliable
factor in our society. Male patient <60 years old has higher incidence of CAD than female in same
age group. Pretest probability for CAD is a simple and important test as all patients in higher prob-
ability have CAD and most of them have signiﬁcant disease so it is better to direct referral of them
to conventional angiography to gain a beneﬁt from direct intervention, radiation and cost beneﬁt.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).1. Introduction
Coronary artery disease (CAD) is the single most common
cause of death in the developed world and western countries,
responsible for about 1 in every 5 deaths (1–3).
The term ‘‘coronary artery disease” encompasses a range of
diseases that result fromatheromatous change in coronaryvessels.
It results from the collision of ancient genes with modern
lifestyles: a hunter–gatherer lifestyle – with high daily energy
expenditure and rare kills – favors a tendency to eat large
quantities of high-calorie food when it is available. Such pre-
dispositions sit uneasily in a modern world with motorized
transport and fatty snacks on every corner. Despite this, so-
called ‘‘hardening of the arteries” was ﬁrst described only in
the 1700s, and it was not until the 1900s that a good descrip-
tion of myocardial infarction (MI) was forthcoming (4).
In the past, CAD was thought to be a simple, inexorable
process of artery narrowing, eventually resulting in complete
vessel blockage (andMI). However, in recent years the explana-
tory paradigm has changed because it was realized that a whole
spectrum of coronary plaques exists – from stable (lipid-poor,
thick ﬁbrous cap) to unstable (lipid-rich, thin ﬁbrous cap) (4).
When an unstable plaque ruptures, the subsequent release
of prothrombotic and vasoconstrictive factors increases the
likelihood of complete occlusion of the artery. It is the balance
between the body’s prothrombotic and thrombolytic pathways
at the rupture site that determines the clinical outcome. Tran-
sient occlusion leads to ischemia and pain; permanent occlu-
sion leads to transmural MI (4).
Angina is a usual symptom of CAD, it deﬁned as a chest
pain of cardiac origin caused by temporarily inadequate oxy-
gen delivery to a portion of the heart muscle (myocardial ische-
mia) due to either increased oxygen demand (as in exercise) or
decreased oxygen supply (as during coronary artery spasm or
narrowing) (5).
The morbidity, mortality, and socioeconomic importance
of CAD make timely accurate diagnosis and cost-effective
management of the utmost importance (1–3).1.1. Anatomical imaging modalities of coronaries
The available anatomical imaging modalities can be classiﬁed
to invasive and non-invasive modalities. Conventional coronary
angiography (Gold standard) is considered as an invasive
modality, while coronary MRA, CTCA and electron beam
CT are non-invasive and can adequately rule out CAD (6).
Coronary angiography is regarded as the golden standard
for evaluation of coronary artery stenosis, but this method
could not depict the type of plaque and had some risks during
manipulation (7). It is also an invasive technique associated
with non-negligible complication. Moreover, this procedure
offers little information on coronary artery wall changes asso-
ciated with the early stage of CAD (8).
The electron beam CT is an ultrafast machine but of rela-
tively larger volume machine with limited availability over
the word. The diagnostic accuracy of multislice CTCA is
higher than coronary MRA. The mean sensitivity and speci-
ﬁcity of MCT CA was 97.2% and 87.4% versus 87.1% and
70.3% for coronary MRA respectively (6,9).
Additionally, CTA is more widely available, has fewer
contraindications, and provides greater spatial resolution
than MRA. However, the use of ionizing radiation in the
relatively young population of patients is potentially
concerning (10).
Computed tomography coronary angiography (CTCA) is a
rapid, non-invasive diagnostic tool, which has gained
increasing acceptance as an alternative means of accurate
and safe detection of coronary atherosclerotic plaques and
CAD (5).
With the advent of technology, the performance of this
modality has further improved, providing nearly 100% sensi-
tivity and >90% speciﬁcity as well as further reducing radia-
tion dosage to approximately 10% than of invasive coronary
angiography. Moreover, a CTCA study can be completed
within minutes and along with its non-invasive characters
may enable optimal CAD detection with decreased health care
costs and fewer complications (5).
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tislice CT (MSCT) such as 16, 64, 128 dual source, 256 and
320 slice CT scanners, the diagnostic accuracy of MSCT angio-
gram in CAD has signiﬁcantly improved. The clinical applica-
tion of CT angiogram is of enormous clinical value even with
patients who have a low likelihood of CAD (11).
MSCT has further contributed to better image quality in
cardiac imaging by the introduction of dual source CT in
2006, as the temporal resolution is shortened from 165 to
83 ms and heart rate dependence is eliminated. Several meta-
analyses of 64 slice CT studies have reported an impressive
range of results in sensitivity and speciﬁcity (99% sensitivity
and 89% speciﬁcity in 28 studies) (11).
1.2. Pretest probability of coronary artery disease
Pretest probability is deﬁned as the probability of the target
disorder before the result of a diagnostic test is known. A num-
ber of studies have emphasized the importance of pretest prob-
ability of coronary artery disease (CAD). Pre-test probability
for CAD can be estimated from the patient’s age, sex, and
chest pain symptoms (12).
Based on the ACC/AHA 2002 guidelines, the pretest prob-
ability can be classiﬁed based on age, gender, and character of
chest pain into (13):
– Low probability: less than 10–20%:
 Asymptomatic men and women of all ages.
 Women <50 years with atypical chest pain.
– Intermediate probability (between 20% and 80%):
 Men of all ages with atypical angina.
 Women P50 years with atypical angina.
 Women 30–50 years with typical angina.
– High probability more than 80–90%:
 Men P40 years with typical angina.
 Women P50 years with typical angina (13).2. Material and methods
2.1. Patients
A total number of 40 patients with recent onset chest pain were
scheduled for elective multislice CT coronary angiography
between March 2013 and September 2013. They were referred
by their cardiologist to the CT unit in Cairo Radiology Center
(Cairo Scan) for CT coronary angiography.
All patients came complaining from recent onset of dyspnea
on exertion, fatigue on mild effort or ischemic chest pain
(deﬁned as retro-sternal, heaviness, or squeezing sensation that
may radiate to the left arm, neck, back or lower jaw, could be
at rest or precipitated by effort, and relived by rest or sublin-
gual nitrates). Detailed history was taken and questionnaire
was ﬁlled for each patient. All patients had no previous history
of IHD or cardiac surgery. All patients had ECG and echocar-
diography. Cardiac enzymes are negative in all patients.
2.2. Exclusion criteria
Exclusion criteria include previous myocardial infarctions
(MI), coronary artery bypass grafting (CABG), percutaneouscoronary intervention, irregular heart rate, contraindications
to iodine contrast agents, renal insufﬁciency (creatinine level
P1.5 mg/dl), inabilities to sustain a breath hold for 8 s, inabil-
ity to comply with the protocol requirements, predeﬁned as a
case of extensive coronary artery calciﬁcation, contraindication
for radiations, as in pregnant women.
2.3. Estimation of the pretest probability of CAD
Categorize the nature of the chest pain: Is the chest pain sub
sternal? Are the symptoms precipitated by exertion? Is there is
prompt relief within 10 min with rest or nitroglycerin? (Typical
angina = all three features are present, atypical angina = any
two features are present, non-anginal chest pain = one or no
features present) (13). Based on the ACC/AHA 2002 guidelines,
the pretest probability can be classiﬁed based on age, gender,
and character of chest pain into the following: Low probability,
less than 10–20% including asymptomatic men and women of
all ages or women <50 years with atypical chest pain, Interme-
diate Probability, between 20% and 80% including men of all
ages with atypical angina, womenP50 years with atypical ang-
ina or women 30–50 years with typical angina. High Probabil-
ity, more than 80–90% including men P40 years with typical
angina or women P50 years with typical angina, Table 1 can
summarize all the above (13).
2.4. Scan protocol
TheMDCT datasets were acquired using deﬁnition dual source
(Siemens Medical Solutions, Forchheim, Germany) with
300 ms gantry rotation time and 64 multi-detector slices dual
source of energy. A non-contrast scan was performed to deter-
mine the calcium score (64  3 mm, tube current up to 200 mA
at 120 kV). Contrast-enhanced ECG gated scan was obtained
within one single breath-hold (average 10 s, 64  0.6 mm, tube
current up to 430 mA at 120 kV). Axial images were recon-
structed using different reconstruction techniques on an
advanced work station.
2.5. Image analysis
The reconstructed axial images at different points of the cardiac
cycles are sent to an off-line workstation (Advanced worksta-
tion syngo via Siemens medical solutions, Germany; for images
acquired via the deﬁnition dual source 64-multichannel system).
The images were viewed by two experienced consultant radiolo-
gists (14). The coronary artery calciﬁcation was assessed using
dedicated software and quantiﬁed according to the scoring algo-
rithm by Agatston. Assessment of coronary arteries (left main
stem (LMS), left anterior descending (LAD), circumﬂex
(LCx), right coronary artery (RCA), posterolateral (PL) and
sizable branches) was made and classiﬁed as normal (none),
non-signiﬁcant (<60% stenosis), and signiﬁcant (>60%
stenosis) (14). Coronary plaques were further classiﬁed as
non-calciﬁed, calciﬁed and mixed plaque. Non-calciﬁc plaque
was deﬁed as a plaque had assigned to the coronary artery
wall and had CT attenuation below the contrast-enhanced
coronary lumen but above the surrounding connective tissue
or epicardial fat (15–17). Calciﬁed plaque was deﬁed as a
plaque with a CT attenuation of >130 Hounsﬁeld Units
(HU) (17,18).









30–39 Men Intermediate Intermediate Low
Women Intermediate Low Low
40–49 Men High Intermediate Intermediate
Women Intermediate Low Low
50–59 Men High Intermediate Intermediate
Women Intermediate Intermediate Low
60–69 Men High Intermediate Intermediate
Women High Intermediate Intermediate
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Systematic analyses of a coronary artery MDCT study took in
consideration of the following steps:
1. Analysis of images reconstructed from different phases of
the cardiac cycle, in order to choose images where the coro-
nary arterial tree is best ﬁlled with contrast and where
movement artifacts are the least.
2. A complete review of axial images that constitute the car-
diac volume, paying attention to cardiac anatomy, degree
of opaciﬁcation of chambers and walls of the heart, and
extra-cardiac structures.
3. Optimization of images aimed to improve the visualization
of coronary arteries, by using multiple post-processing
techniques as Automatic (and manual) volume rendering
techniques, multiplanar reconstructions (MPR) and maxi-
mum intensity projections (MIP).
4. Identiﬁcation of coronary artery segments is based on the
model suggested by theAmericanHeart Association (AHA).
5. Analysis of the coronary artery tree, for which the follow-
ing systematizations are fundamental:
 Examination of the anatomical distribution of coronary
arteries, aimed to identify normal variants and congen-
ital abnormalities of the origin of vessels.
 Detection and localization of coronary artery lesions,
carefully avoiding sections and angulations or inter-
posed structures with potential image artifacts.
 Evaluation of composition and morphology of the lesi-
on. In regard to the composition of the plaque, a dis-
tinction was made between calciﬁed and non-calciﬁed
plaques. Plaques with a mean attenuation of 130 HU or
greater were graded as calciﬁed, whereas plaques with a
mean attenuation of less than 130 HU were graded as
non-calciﬁed. Calciﬁed plaques were identiﬁed on non-
enhanced scans, and non-calciﬁed plaques were identi-
ﬁed on contrast-enhanced scans.
 Qualitative and quantitative assessment of obstruction
of the vessel caused by the lesion.
A classiﬁcation of atherosclerotic coronary artery lesions is
possible by applying this systematic analysis of MDCT. This
classiﬁcation can be made according to the following aspects:
 The number of vessels involved.
 The location: proximal, middle or distal portions of the
vessel. The extension of the lesion: focal or diffuse.
 The components of the lesion:
a. Non-calciﬁed, mixed, or ‘‘soft” lesions.
b. Calciﬁed lesions: The calcium component of the lesion
can be focal, diffuse, eccentric or concentric.
 The degree of obstruction: it is measured in terms of the
diameter of stenosis. The percentage of stenosis is calcu-
lated as (diameter of lesion/vessel diameter just proximal
to lesion)  100.
– Non-signiﬁcant stenosis (causing less than 60% luminal
reduction, including mild and moderate degrees of
obstruction).
– Signiﬁcant stenosis (causing P60% luminal reduction,
including critical sub-occlusive and occlusive lesions).
3. Results
A total number of 40 patients with recent onset chest pain, (22
males and 18 females) were referred to perform CTCA, mean
age (59 years), age range from 34 to 79 years, there were 9
(22.5%) had normal CTCA, 31(77.5%) had CAD (37.5% sig-
niﬁcant and 40% non-signiﬁcant CAD) (Table 2).
Among the 40 patients, 29(72.5%) were hypertensive, 27
(67.5%) were diabetic, 23(57.5%) were dyslipidemic, 13
(32.5%) were smokers, and 10(25%) were with positive family
history of IHD (Fig. 1).
3.1. Findings in relation to risk factors
There is strong association between CAD with risk factors.
Among the 31 patients with CAD included in this study, 23
(74.2%) were hypertensive (60% of them had signiﬁcant
obstructive lesion), while 8(25.8%) were normotensive (40%
of them had signiﬁcant stenosis), P value < 0.05. Eighteen
patients (58%) were diabetic (70% of them had signiﬁcant
lesion), while 13(42%) were non-diabetic (30% of them had
signiﬁcant stenosis), P value < 0.05. Seven patients (22.6%)
had positive family history of IHD (20% of them had signiﬁ-
cant stenosis), while 24(77.4%) had negative family history
of IHD (80% of them had signiﬁcant stenosis) (Fig. 2).
Hypertensive patients showed similar CACS compared to
normotensive patients (275.73 vs. 237, P value > 0.05), while
diabetic patients showed statistically signiﬁcant higher CACS
compared to non-diabetic patients (328 vs. 179.9, P
value < 0.05) (Table 3).
Diabetic patients showed statistically signiﬁcant higher inci-
dence of multi-vessel affection than non-diabetic patients
(85.7% vs. 75%, P value < 0.05), while no such signiﬁcance
could be detected between hypertensive and normotensive
patients (P value > 0.05) (Table 4).
3.2. Findings in relation to gender and age
Patients P60 years old had statistically signiﬁcant higher
CACS than those <60 years (mean 444.4 vs. 66.2, P
value < 0.05) (Table 5).
Male patients <60 years also have statistically signiﬁcant
higher CACS compared to females of the same age group
(mean 105.47 in male vs. 26.9 in female, P value < 0.05), while











No. 9 5 16 10
% 22.5% 12.5% 40% 25%
77.5%
Fig. 1 Cylinder chart represents the risk factors of the patients
(DM= diabetes mellitus, FHx = positive family history).
Fig. 2 Column chart represents CAD in correlation to risk
factors.
Table 3 CACS in relation to risk factors.
Mean CACS P value
Hypertensive patients 275.73 >0.05
Normotensive patients 237.00
Diabetic patients 328.00 <0.05
Non-diabetic patients 179.90
Table 4 The Number of vessels affection in diabetic/non-







Diabetic 2 (14.3%) 12 (85.7%) <0.05
Non-diabetic 3 (25%) 9 (75%)
Hypertensive 5 (26.3%) 14 (73.7%) >0.05
Normotensive 0 (0%) 7 (100%)
Table 5 CACS scoring in relation to age.
Age group No Mean CACS P value
<60 20 66.2 <0.05
P60 20 444.4
Estimation of frequency and pretest probability of CAD 115no such signiﬁcance was seen between males and females
>60 years (Table 6).
3.3. Finding of CTCA in relation to pretest probability
Patients were classiﬁed into three groups based on pretest
probability regarding age, gender, and character of chest pain
to the following: Low, Intermediate, and High probability of
CAD. Six patients (15%) had low probability, 27(67%) had
intermediate probability, and 7(18%) had high probability
for CAD (Fig. 3).Two patients (34%) with low pretest probability had CAD
(17% signiﬁcant and 17% non-signiﬁcant), while 4(66%)
patients had normal CTCA. Twenty-two patients (81.5%) with
intermediate pretest probability had CAD (10(37%) signiﬁcant
and 12(44.5%) non-signiﬁcant), while 5(18.5%) had normal
CTCA. All patients with high pretest probability had CAD,
4(57%) of them had signiﬁcant CAD, while 3(43%) had
insigniﬁcant CAD (Fig. 4).
4. Discussion
Chest pain is a nonspeciﬁc symptom that can have cardiac or
non-cardiac causes (17). Coronary artery disease (CAD) is the
most common cause of cardiac chest pain and it is the single
most common cause of death in the developed world, respon-
sible for about 1 in every 5 deaths. The morbidity, mortality,
and socioeconomic importance of this disease make timely
accurate diagnosis and cost-effective management of CAD of
the utmost importance (1–3).
The danger, cost and time burden associated with coronary
catheter angiography suggest a need to develop noninvasive
assessment for patients with suspected CAD especially for
those with low probability of disease (19). The socioeconomic
importance of heart disease provides considerable motivation
for development of radiologic tools for noninvasive imaging
of the coronary arteries (20).
The rapid rise of coronary computed tomographic angiog-
raphy from a research application to a widely embraced clini-
cal tool over the last decade has very few parallels in medicine.
Currently convergence of factors is observed that has the
potential of making coronary CT angiography a pivotal
cornerstone in cardiovascular disease management, deserving
the highest level of attention in the imaging ﬁeld (21).
Pretest probability of CAD is deﬁned as the probability of
presence of CAD in patient. A number of studies have empha-
sized the importance of pretest probability of coronary artery
disease (CAD). Pretest probability for CAD can be estimated
from the patient’s age, sex, and chest pain symptoms (12).
Pretest probability may play a role in approach to patients
before requesting a CT CA.
In this study we estimate the frequency and pretest proba-
bility of CAD in patients presenting with recent onset chest
pain by multi-detector row CT angiography as a non-
invasive accurate diagnostic tool.
Table 6 Ca scoring in relation to gender.
Sex No Mean CAC P value
<60 years Male 10 105.47 <0.05
Female 10 26.9
>60 years Male 12 414.66 >0.05
Female 8 489
Fig. 3 Pie chart represents the percentage of patient according to
pretest probability based on age, gender, and character of pain.
Fig. 4 Clustered columns represent the percentage of CTCA
ﬁnding in respect to pretest probability based on age, gender, and
character of pain.
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among our 40 patients complaining from recent onset chest
pain was 77.5% (37.5% signiﬁcant and 40% non-signiﬁcant
CAD), while 9 patients (22.5%) were normal.
These results were in agreement with Koulaouzidis et al.
among the 43 patients included in their study with unstable
angina, there were 17 patients (39.5%) with normal CTCA
and 26 patients (60.5%) with CAD (22 patients (51.2%) had
non-signiﬁcant lesion, and only 4 patients (9.3%) had signiﬁ-
cant obstructive lesions) (5).
 In the present study we found a strong association between
CAD and hypertension, among 31 patients with CAD, 23
patients (74.2%) were hypertensive (60% of them hadsigniﬁcant CAD), while 8 patients (25.8%) were normoten-
sive (40% of them had signiﬁcant CAD).
These results agreed with Zeina et al. CAD was seen in their
study in 82% of hypertensive patients and 72% of normoten-
sive patients. Obstructive CAD was twice as common in hyper-
tensive patients (22).
 In our study, we found the frequency of CAD more com-
mon in diabetic than non-diabetic patients (18 patients
(58%) vs. 13 patients (42.8%) respectively). Also, the dia-
betic patients showed signiﬁcant CAD compared to non-
diabetic ones (70% vs. 30% respectively).
These results were in agreement with Bartnik et al. in their
prevalence study of patients who had CAD across Europe,
58% of patients were DM, 36% of them were impaired glucose
regulation, and 22% were newly diagnosed (23).
 In the present study, we found no relation between positive
family history of IHD and CAD, as only 7 patients (22.6%)
with CAD had positive family history of IHD.
However Otaki et al. concluded that, young patients with
positive family history had higher presence, extent, and sever-
ity of CAD, which was associated with increased risk for MI.
Compared with other clinical CAD risk factors, positive FH
was the strongest clinical predictor of future MI (24).
This disagreement could be explained by improper patient’s
information. Most of patients were aged, and they didn’t know
or remember about the history of IHD of their 1st degree rel-
ative especially their parents.
 In the present study, we found that diabetic patients showed
statistically signiﬁcant higher CACS compared to non-
diabetic patients (328 vs. 179.9, P value <0.05), while no
such relation was seen among hypertensive and normoten-
sive patients (P value >0.05).
In a study by Chahal et al. 40.4% of the patients aged
<55 years and 53.7% were between 55–70 years in both age
groups. The prevalence of elevated CACS was signiﬁcantly
greater in diabetic than non-diabetic patient (25).
In a study by Maffei et al., diabetic patients had a higher
prevalence of coronary artery atherosclerosis compared to
non-diabetic patients (80% vs. 58% respectively), and a higher
prevalence of obstructive coronary disease (37% vs. 18%
respectively) (15).
 In our study, Diabetic patients showed statistically signiﬁ-
cant higher incidence of multi-vessel affection than non-
diabetic patients (85.7% vs. 75%, P value < 0.05), while
no such signiﬁcance could be detected between hypertensive
and normotensive patients (P value > 0.05).
Our study in agreement with Maffei et al. also found that
the number of segments with plaque was higher for those with
diabetes: 4.1 vs. 2.1, respectively (p< 0.0001); as well as the
number of segments with obstructive disease: 0.8 vs. 0.4,
respectively, p= 0.0001 which means that multivessel disease
was seen more often in patients with diabetes: 15% (n= 22),
vs. 7% (n= 62), respectively (p= 0.0004) (15).
Estimation of frequency and pretest probability of CAD 117 In the present study, we found that patients P60 years old
had statistically signiﬁcant higher CACS than those
<60 years (Mean 444.4 vs. 66.185, and P value < 0.05),
also male patients <60 years also have statistically signiﬁ-
cant higher CACS compared to females of the same age
group (mean 105.47 in male vs. 26.9 in female, and P
value < 0.05), while no differences in CACS was found
between male and female P60 years old (Mean 414.66 vs.
489 and P value > 0.05).
These results agreed with Chu et al. who conclude that CT
ﬁndings of CAD between men and women were almost similar
in all aspects except that men had more calciﬁed plaques
(p< 0.05) (7).
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